There are clear differences in the normal radiographic appearance of the abdominal organs between a left lateral vs. a right lateral view. While a few veterinary academic institutions have transitioned to a three-view abdominal radiographic study protocol, obtaining only two views of the canine abdomen remains the current standard in veterinary medicine. In this combined retrospective and prospective, case-controlled study, 48 canine patients presenting with signs of acute abdomen were recruited. Four board-certified veterinary radiologists and four general practice veterinarians with greater than 3 years of experience in small animal practice were asked to determine if 10 predetermined findings were present within the set of images and if surgery was recommended based on those findings. Image readers were unaware of the clinical history. Threeview studies did not yield statistically significantly greater accuracy than two-view studies when evaluating all readers together. No statistically significant associations between the availability of the third view and increased accuracy or confidence were found in evaluations of general practitioners specifically. Evaluation of three-view radiographic examination, as compared to two-view examination, did not have perceived or statistically significantly increased diagnostic utility. Based on our findings, there is no statistically increased utility to justify a standard three-view abdominal radiographic examination over a two-view study for canines presenting with signs of acute abdomen.
speculate this change from two-to three-view studies of the abdomen is partly based on available data, [3] [4] [5] [6] but mostly on anecdotal information as a recent online search (Pubmed and Google Scholar using the key words "comparison", "accuracy", "2-view", "two view", "3-view", "three view", "abdom*", "radiograph*", "canine", "dog", "left lateral", "right lateral", "thoracic", and "thorax" from 1963 to present) revealed no statistical analysis conducted to prove the increased accuracy or confidence of the reviewer in diagnosing gastrointestinal disease, or any other disease, with three-view abdominal radiography. If three-view abdominal radiography increases the diagnostic accuracy of detection of common gastrointestinal diseases, this may decrease the need for more expensive and less available alternative imaging techniques, such as computed tomography or ultrasound, or potentially avoidable surgical intervention to achieve a diagnosis.
In this study, the authors hypothesize that (1) three-view radiography of the canine abdomen will have increased diagnostic accuracy for detection of three common gastrointestinal diseases (mechanical obstruction, abdominal masses, and pancreatitis) as compared to twoview radiography, (2) reviewers of three-view radiographic studies of the canine abdomen will have increased confidence in their assessments and recommendation for or against surgical intervention, and (3) there will be increased utility of evaluation of three-view radiographic studies as compared to two-view radiographic studies for general practitioners as compared to board-certified radiologists.
METHODS

Subject inclusion criteria
The study was a combined retrospective and prospective, casecontrolled design. A total of 48 canine patients presenting to the Tufts Foster Hospital for Small Animals Emergency Service were prospectively and retrospectively recruited over an 18-month period from June 2015 to December 2016. Patients presented with signs of acute or acutely worsened gastrointestinal disease including vomiting, inappetence, anorexia, diarrhea, constipation, and abdominal pain; for which abdominal radiographs were desired. Because all recruited cases were client owned patients within the hospital, images were evaluated first by attending residents and clinicians. In the case of patients for which surgery was the radiographic recommendation, patients had to have support of the radiographic findings via an ultrasonographic, surgical, or postmortem examination to be included in the study. In cases for which no surgical intervention was recommended based on radiography, patients were included if clinical signs of gastrointestinal disease resolved with medical management or supportive care only, without recurrence for at least 2 weeks following presentation. The study design was approved by the Tufts Cummings School of Veterinary Medicine Clinical Studies Review Committee.
Imaging techniques
Data recording techniques
The number of data points necessary to show statistical significance was determined via power calculation. Assuming 50% sensitivity for all study questions, powering a study for an odds ratio increase of 1.75 when having the third view, we found that 272 data points had a statistical power of 0.901 for logistic regression analysis. Therefore, approximately 34 patients needed to be recruited (power 0.9, alpha 0.05). At the end of the recruitment period, only 16 patients meeting all inclusion criteria outlined above had been recruited and the study design was amended to include retrospectively recruited patients that met all inclusion criteria and presented to the authors' hospital over the same period. These patients were identified by performing a search for 
Data analysis techniques
To determine whether associations between each predictor and response combination were statistically significant, survey data were analyzed using the Cochran-Mantel-Haenszel) test. A follow up Cochran-Mantel-Haenszel analysis was also performed to determine whether radiologists match the final consensuses more so than general practitioners. To ascertain whether reviewing three-view abdominal studies statistically significantly increased diagnostic accuracy above two-view studies, a logistic regression model was implemented.
The second portion of the statistical analysis examined the potential increase in diagnostic confidence under three-view studies. An increase in diagnostic confidence is defined as trending towards Likert items 1 or 5 in the online survey. We investigated whether the third view increased confidence in the diagnostic finding and utilized the Cochran-Mantel-Haenszel approach to stratify by general practitioner and radiologist. Lastly, we examined whether general practitioners, specifically, were more confident when reviewing a three-view study than a two-view study using Fisher's exact test. All calculations were performed by one of the authors (M.Y.T.) using standard statistical software (SAS 9.4, Cary, NC; R Version 3.2.3, R Foundation for Statistical Computing, Vienna, Austria). Each data point was analyzed as an independent observation. For all analyses, values of P < 0.05 were considered significant.
RESULTS
Four cases were excluded from statistical analysis as a consensus could not be reached on at least one finding. Using the Shieh-O'Brien approximation, the probability of detecting a true threefold increase in the odds ratio between two-and three-view diagnostic accuracy and confidence was 84.3% with 44 patients and eight reviewers, or 352 total data points. Review of the online survey data showed six data points were unusable due to nonresponse and 14 data points were unusable due to undecipherable patient information. One duplicate entry was found and was reconciled by retaining the latest submitted record for the patient/reader combination. Test blocking by diplomate or general practitioner did not find that three-view studies yielded statistically significantly greater accuracy, than two-view studies (Table 1 ). The radiologists matched the final consensus more than general practitioners in four of 11 finding areas; areas under which statistical significance was found are listed in Table 2 , along with odds ratio estimates calculated using logistic regression. In addition, we focused specifically on general practitioners to see if the availability of The only finding area that showed a statistically significant increase in diagnostic confidence was Diffuse Small Intestinal Dilation (P = 0.0004), for which there was only one patient with this finding included in the study. Summary measures compared are shown in Table 3 . 
TA B L E 1 Cochran-Mantel-Haenszel test statistics and P-values for comparing three-view studies to two-view studies
DISCUSSION
The goal of this study was to determine if having three views of the canine abdomen inherently resulted in increased accuracy and/or con- Third, it was not possible to randomize the two-view studies being reviewed due to the study design and number of patients recruited.
The authors already needed to retrospectively recruit cases in order to meet the power to discriminate between the utility of a two-view study vs. three-view study. Many more patients would have needed to be recruited in order to have the power to additionally randomize the two-view study being evaluated (one of three possible combinations).
Alternatively, a crossover study design could have been selected to meet power with the number of cases available; the reasoning behind not choosing a crossover design has already been stated. The decision to define the two-view studies as right lateral and ventrodorsal views was made based on the practice within our hospital where twoview studies standardly are obtained with right lateral and ventrodorsal views, the expert impression that many other hospitals also practice this way, and information published in a diagnostic imaging textbook. 2 Lastly, reviewers were not given specific guidelines on how to determine if specific findings were present or not, as the authors wanted them to analyze images as they would normally in their practice. This may have introduced cognitive response bias as individuals may have interpreted the description of the findings differently in addition to using different criteria for determining if a finding was present or not.
In conclusion, findings from the current study indicated that there is no statistically increased utility (for diagnosis or confidence) to justify a three-view abdominal radiographic examination over a two-view study for canines presenting with signs of gastrointestinal disease. Radiologists and general practitioners alike were not more accurate or confident with a third view added to a standard two-view abdominal radiographic examination. 
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